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METHOD AND APPARATUS TO GENERATE A CLOCK-BASED 
TRANSMISSION 



BACKGROUND OF THE INVENTION 

[001] Ultra Wideband (UWB) systems transmit signals across a much wider 
frequency range than conventional systems. The bandwidth of the UWB signal 
may be equal to at least 20% of the center frequency or more than 500 MHz. 
UWB transmission operates by transmitting and receiving extremely short 
duration bursts of radio frequency (RF) energy. Each pulse is extremely short in 
duration, e.g., 0.1 to 4 nanoseconds (ns). 

[002] Devices known in the art for generating UWB transmission use 
diode-based pulse generators, typically including a step-recovery diode or a 
microwave-tunnel diode, which are triggered by a clock. In such configurations, 
although the diodes may have good switching or pulse-generation 
characteristics and can be tuned to cover a wide bandwidth, they are difficult to 
integrate, particularly in complementary metal oxide semiconductor (CMOS) 
devices. 

[003] Other UWB transmission devices known in the art, which may be used in 
high-power UWB radar transmitters, are based on pulsed-power technology, 
e.g., capacitive discharge circuits, transformer switches and transmission line 
switches, and/or light-activated semiconductor switches. These devices are 
generally expensive and difficult to integrate with CMOS. In addition, the high 
power limits for UWB radar transmission make this type of device unsuitable for 
use in commercial communication systems, for example, because of limits set 
by the Federal Communications Commission (FCC). 

[004] Another type of transmitter known in the art is based on a gated oscillator. 
In this approach, in which a local oscillator is gated, the center frequency of the 
spectrum can be controlled by the oscillator frequency; however, the gated 
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oscillator approach is not flexible. For example, the center frequency cannot be 
digitally derived, the generation of multiple tones requires multiple phase-locked 
loops (PLL), and the PLL implementation may consume a significant amount of 
power, as it cannot be turned off between pulses to maintain loop stability. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[005] The subject matter regarded as the invention is particularly pointed out 
and distinctly claimed in the concluding portion of the specification. The 
invention, however, both as to organization and method of operation, together 
10 with objects, features and advantages thereof, may best be understood by 

reference to the following detailed description when read with the accompanied 
drawings in which: 

[006] Fig. 1 is a simplified block diagram of a transmitter using a gated clock 
pulse generation circuit as a basis to modulate data in a UWB communications 

15 system according to exemplary embodiments of the present invention; 

\ 

[007] Fig. 2A is a schematic diagram illustrating unmasked bipolar modulated 
pulses according to exemplary embodiments of the invention; 

[008] Fig. 2B is a schematic diagram of mask including low duty-cycle bipolar 
modulated pulses transmitter according to exemplary embodiments of the 
20 present invention; 

[009] Fig. 2C is a schematic diagram of bipolar modulated pulses passing 
through a bandpass filter according to exemplary embodiments of the present 
invention; 

[010] Fig. 3 is a schematic block diagram of a gated clock pulse generation 
25 circuit to modulate data in a UWB communications system according to 
exemplary embodiments of the present invention; 
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[01 1] Fig. 4 is a schematic block diagram of a direct-sequence spread 
spectrum (DSSS) UWB transmitter implementation according to exemplary 
embodiments of the present invention; 

[012] Fig. 5 is a schematic block diagram of a DSSS UWB receiver 
5 implementation according to exemplary embodiments of the present invention; 

[013] Fig. 6A is a schematic time domain representation of a pulsed orthogonal 
frequency-division multiplexing (OFDM) waveform based on simultaneous 
transmission of multiple carriers, according to exemplary embodiments of the 
present invention; 

10 [014] Fig. 6B is a schematic time domain representation of a pulsed orthogonal 
frequency and time division multiplexed (OF/TDM) waveform based on 
transmission of non-overlapping, or partially overlapping, pulsed waveforms, 
according to exemplary embodiments of the present invention; 

[015] Fig. 6C is a schematic frequency domain representation of a pulsed 
15 OFDM or OF/TDM ultra-wideband waveform including a concatenation of 
multiple sub-bands, according to exemplary embodiments of the present 
invention; 

[016] Fig. 7 is a schematic time domain representation of an OF/TDM 
transmitted waveform, including interleaved sub-band pulses, each occupying a 
20 different frequency band, according to exemplary embodiments of the present 
invention; 

[017] Figure 8A schematically illustrates a time-domain representation of a 
Hanning-shaped sub-band waveform using an embodiment of an OF/TDM 
system in accordance with exemplary embodiments of the present invention; 
25 and 
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[018] Figure 8B is a schematic frequency-domain representation of a shaped 
sub-band OF/TDM waveform in accordance with exemplary embodiments the 
present invention. 

[019] It will be appreciated that for simplicity and clarity of illustration, elements 
s shown in the figures have not necessarily been drawn accurately or to scale. 
For example, the dimensions of some of the elements may be exaggerated 
relative to other elements for clarity or several physical components included in 
one functional block or element. Further, where considered appropriate, 
reference numerals may be repeated among the figures to indicate 
10 corresponding or analogous elements. Moreover, some of the blocks depicted 
in the figures may be combined into a single function. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

[020] In the following detailed description, numerous specific details are set 
15 forth in order to provide a thorough understanding of the invention. However, it 
will be understood by those of ordinary skill in the art that the present invention 
may be practiced without these specific details. In other instances, well-known 
methods, procedures, components and circuits may not have been described in 
detail so as not to obscure the present invention. 

20 [021] Embodiments of the invention provide a method and apparatus for 
generating ultra-wide bandwidth (UWB) pulses using a digital clock in 
conjunction, for example, with a UWB transmitter and/or receiver. For example, 
in some embodiments of the present invention, the implementation of 
transmitters and transmission methods may be based on digital processing. 

25 These'implementations may be integrated into existing devices using 

complementary metal oxide semiconductor (CMOS) processes. Moreover, 
although the scope of the present invention is not limited in this respect, some 
embodiments of the present invention may be configured to operate within the 
boundaries set by the Federal Communications Commission (FCC) or any other 
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regulatory body. In addition, embodiments of the present invention may use a 
digitally derived center transmission frequency. 

[022] The invention is described below in the context of a wireless personal 
area networking (WPAN) communication system. However, it will be apparent 
5 to persons skilled in the art that the invention may also be suitable for any other 
system or device that can drive a digital clock. 

[023] An embodiment of the present invention includes an implementation of an 
UWB transmitter, wherein a digital clock is used as a basis for transmission. The 
use of a digital clock, as opposed to the prior art use of analog elements, may 

10 significantly simplify complementary metal oxide semiconductor (CMOS) 

integration of the transmitter circuit, for example, because the digital clock may 
be generated in a straightforward manner using a digital phase locked loop 
(PLL). Moreover, the same circuit may be used at the receiver end of the 
communication system with substantially the same reduction in complexity and 

i 5 ease of integration enabled by the transmitter of some embodiments of the 
invention. For example, in a correlator-based receiver, which may be the 
receiver of choice in the case of an additive white Gaussian noise environment, 
the clock based generator according to embodiments of the invention may form 
part of the circuit performing "template-matching" to the original pulse, reducing 

20 receiver costs. 

[024] The block diagram of Fig. 1 provides a general description of how a gated 
clock pulse generation circuit may be used to modulate data in a UWB 
communications system according to embodiments of the present invention. A 
clock signal may be generated by a clock generation circuit 10. Modulator 30 

25 may combine clock signal produced by clock generation circuit 1 0 with data 20. 
The resulting waveform may be gated and shaped by a gating and shaping unit 
40, and filtered through a bandpass filter 50, ultimately resulting in a 
transmission signal 60 having a desired pulsed waveform. It should be noted 
that, in alternate embodiments of the invention, at least some of the blocks 

30 shown in Fig. 1 may be combined into a single circuit, for example, functions of 
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clock generation circuit 10 and modulator circuit 30 may be integrated into a 
single circuit, or any other integration and/or disintegration of functions of the 
different blocks shown in Fig. 1 may be performed, in accordance with specific 
design considerations. 

[025] In one embodiment of the invention, the digital clock signal may be 
generated by a digital phase lock loop (PLL), as is known in the art. The clock 
signal may then be modulated, in which case a rational number of periods of the 
clock signal may form the signal waveform. For example, as shown in Fig. 2A, 
for bipolar modulation, the waveform may include a certain pattern to represent 
'1' in the data and an inverted pattern to represent '0'. 
[026] The shape of the signal waveform may be controlled by gating the clock 
with a periodic switch, so that a rational number of periods of the clock may form 
a pulse. The gating of the clock may be controlled using simple digital logic, 
including AND and OR circuits, making the gating mechanism efficient to 
operate at high speeds and easy to integrate into CMOS. This may lower the 
duty cycle of the signal waveform and may enable some or all the advantages of 
a pulse-based UWB system, including a lower fading margin and lower 
inter-symbol interference. A possible increase in the peak-to-average power 
ratio (PAR) of the signal, due to such gating, may be controlled by using a 
sufficiently high duty cycle. In addition, the gating may control the spectral 
bandwidth of the signal, because the width of the gate varies roughly inversely 
with the spectral bandwidth. Fig. 2B shows bipolar modulated pulses with a low 
duty cycle. 

[027] In some exemplary embodiments of the invention, the shape of the signal 
waveform may be controlled by a shaping function to obtain a smoother signal 
envelope. Appropriate shaping of the signal may help reduce higher-order 
harmonics in the signal spectrum caused by the transmission of the digital clock. 
In some embodiments of the present invention, the digital clock may be followed 
by an analog band-pass filter in order to reduce higher-order harmonics and to 
maintain the signal within the limits of a given spectral mask, e.g., as required by 

6 
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Part 15 rules for unlicensed devices developed by the Federal Communications 
Commission (FCC). Fig. 2C shows low. duty-cycle bipolar modulated pulses 
after applying a bandpass filter, in accordance with embodiments of the 
invention. 

[028] There are generally at least three design parameters that may be 
modified to generate a UWB waveform of particular characteristics: clock 
frequency (f c ); gating period (T g ); and shaping function. In embodiments of the 
present invention, all three characteristics may be controlled and/or varied by 
controlling and/or varying various clock frequencies which are used to generate 
the UWB waveform, as described below. 

[029] The fundamental clock frequency may determine the center frequency of 
the modulated waveform. In some embodiments of the present invention, the 
clock frequency may be a variable so that the center frequency of the modulated 
waveform may be altered as necessary. This provides the flexibility of easily 
moving the UWB waveform to a different frequency band, which may be 
important if UWB frequency bands differ in different transmission areas, e.g., 
different countries. This may also provide the flexibility of moving to unoccupied 
frequency bands in a particular location to minimize interference. 

[030] The gating period may determine the bandwidth of the occupied UWB 
waveform (e.g., bandwidth ~ 1/Tg). In some embodiments of the present 
invention, the gating period may be a variable in order to provide further 
flexibility of the transmission. Having a gating period that is a multiple of the 
clock period enables use of the same clock to generate both the fundamental 
clock and gating clock; however, a gating period that is a rational multiple of the 
clock period may also be easily derived. Also, changing the gating period and 
center frequency provides a convenient mechanism for changing the occupied 
frequencies of the UWB waveform, allowing the system to adaptively change to 
accommodate different interference environments. 

[031] The shaping function, which may be implemented in conjunction with the 
gating function, or as a separate circuit, may provide the flexibility for spectrum 
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shaping by smoothing the envelope of the transmitted pulse. For example, in 
some embodiments of the present invention, a windowed function may be used 
to smooth the time domain pulse and limit high-frequency components in the 
waveform. The windowed function may for example be a Hanning window or a 
single cycle of a sinusoid. This may reduce the side-lobe energy of the 
transmitted waveform. 

[032] In some embodiments of the present invention, a windowed function may 
be based on a filtered version of a gating function, which may be derived from 
the clock signal, as described above. This function may be useful for a 
sub-band implementation of the present invention where multiple UWB pulses 
occupy adjacent frequency channels, as shown in Fig. 6A, 6B, 6C, 8A, and 8B. 
[033] Embodiments of the present invention may be used in several types of 
UWB systems. One example is the pulse-based systems discussed above. 
Embodiments of the present invention suitable for use in such a system may 
involve an implementation of the clock generation scheme depicted in Fig. 3. A 
PLL 100 generates a high-frequency clock signal 110, which may be modulated 
with data 120 into a series of bipolar modulated pulses. In the embodiment 
shown in Fig. 3, either the pulse or the inverted pulse is chosen, depending on 
the data, e.g., '0' or T, using digital inverter and buffer elements 130 and140, 
respectively, and AND and NAND gate elements 150 and 160, respectively. 
The resulting waveform is then gated and shaped. A gating and shaping unit 
1 90 may include a low-frequency version of a low frequency clock 180 which 
may gate, via clock converter 170, a predetermined multiple of the period of the 
high frequency clock 110. For example, the high-frequency clock 1 1 0 may run 
at 7 GHz, while the low-frequency clock 180 may run at 3.5 GHz. In this 
example, every two periods of the high-frequency clock forms a single pulse. 
The gating and shaping unit 190 may establish the bandwidth of the emitted 
UWB signal by controlling the rise time of the pulses. The gated pulses may be 
passed through an optional bandpass filter 200, for example, if needed to meet 
out of band emission requirements. 
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[034] Other embodiments of the present invention may be implemented in 
conjunction with a direct-sequence spread spectrum (DSSS) UWB system, as 
depicted in Figs. 4 and 5. This embodiment may use high-speed digital clocks 
to generate chip sequences to form direct sequence information symbols at 
rates on the order of, for example, 3 to 5 GHz. In some embodiments, 
code-word length and chip rates may be varied or transmitted in parallel to 
produce information transfer rates of 500 megabits per second (Mbps) or higher. 
Codes may be produced, for example, by associating a '0' with a certain 
sequence of encoded pulses and a '1' with a different sequence of encoded 
pulses. For example, each bit may be represented by a series of 15 pulses, 
wherein the phase of each pulse may be either inverted or not inverted. 
Different bits may be represented by a different sequence of 15 pulses, referred 
to herein as a code. Different users may also use different sets of codes, for 
example, to allow multiple users to transmit on the same frequency 
simultaneously without causing significant interference to each other. 
[035] Fig. 4 shows an embodiment of the present invention that may yield a 
data transmission rate of, for example, 313 Mbps. In the exemplary 
embodiment shown, data to be transmitted 400 is input into a 1-bit shift register 
402. Although the scope of the invention is in no way limited in this regard, a 
16-bit code word, e.g., "code word 0" (block 406) or "code word 1" (block 408) 
may be selected by a word selector 404 depending on the data symbol output 
by the shift register 402. The selected code word may be received by a 
multiplexer (Mux) 412, for example, a sixteen-to-one multiplexer (shift register) 
412 operated by a 5 GHz clock 410, thereby resulting in a 5GHz processing rate 
of transmitter 414. Thus, if 1 6 bits are transmitted at a frequency of 5GHz, the 
information transmission rate is 313 Mbps. Those skilled in the art will recognize 
that other transmission rates are possible and that the center frequency of the 
RF emission may be thus controlled. 

[036] Fig. 5 depicts an embodiment of a DSSS UWB receiver. Antenna 500, 
which may be a dipole antenna or another type of antenna, may receive the 
UWB signal and may amplify it via amplifier 502. Multiplier or input mixer 504 
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multiplies a signal incoming via amplifier 502 with a template signal, which may 
be generated by a code generator 512 and passed through a bandpass filter 
508. The output signal of the multiplier 504 may be filtered through a lowpass 
filter 506 to remove higher order harmonics. When time synchronized, this 
signal may recover the original transmitted information. A decimator or divider 
514 may optionally be used to clock an analog-to-digital converter (ADC) 510 at 
the symbol rate rather than at the chip rate, which may be substantially higher. 
Variable digital delay circuitry 516 may be used to search and match the timing 
of the receiver to that of the transmitter. The DAC 51 8 may control the amount 
of delay. Code generator 512 and bandpass filter 508 may be used to form a 
template generator for correlation with the incoming signal. A clock source, for 
example, having frequency 5GHz may be used to drive code generator 512. 
The code generator 512 may produce a template signal that may be correlated 
with a received waveform at multiplier or input mixer 504. Variable digital delay 
circuitry 516 may be used to search for and match the timing of the received 
signal, after which the signal may be digitized by ADC 51 0, e.g., for DSSS 
processing such as, for example, channel equalization and symbol detection, as 
is known in the art. The digital signal output from the ADC may be provided to a 
digital signal processor 520 for processing. 

[037] Yet another embodiment of the present invention may be implemented in 
conjunction with a sub-band UWB system (SB-UWB), also known as Orthogonal 
Frequency and Time Division Multiplexed (OF/TDM) or pulsed orthogonal 
frequency-division multiplexing (OFDM). Figures 6A, 6B, 6C, 7, 8A and 8B 
show examples of sub-band waveforms that may be used in conjunction with 
embodiments of the invention. In these embodiments, the spectrum is divided 
into a number of sub-bands which, for example, may occupy a bandwidth on the 
order of 500 MHz. By concatenating several, for example, six or eight, sub-band 
waveforms, an ultra-wideband waveform occupying, e.g., approximately 4 GHz 
of spectrum, may be generated. The sub-band waveforms may, for example, be 
transmitted simultaneously, or they may, for example, be interleaved in time and 
transmitted in non-overlapping time intervals, or they may, for example, be 

10 



WO 2004/062128 



PCT/US2003/041434 



transmitted during partially overlapping intervals. Some or all, or none, of the 
sub-band waveforms may have the same bandwidth. The center frequency of 
the sub-band waveforms and the bandwidth of the waveforms may be 
controlled, for example, using a gated clock circuit, e.g., as described above. 
[038] The schematic diagrams of Figures 6A, 6B and 6C show time and/or 
frequency domain representations of an exemplary sub-band implementation of 
embodiments of the invention. Fig. 6A shows a time domain representation of a 
pulsed OFDM waveform based on simultaneous transmission of multiple 
carriers, that may be implemented using gated clock circuits according to 
exemplary embodiments of the present invention. In the example shown in Fig. 
6A, a concatenated OFDM waveform s(t) is transmitted during a portion of the 
pulse period, depending on the duty cycle. 

[039] Fig. 6B shows a time domain representation of a pulsed OF/TDM 
waveform, i.e., sub-banded or multi-banded waveform, based on the 
transmission of non-overlapping, or partially overlapping, pulsed waveforms, 
which waveform may be implemented using gated clock circuits according to 
exemplary embodiments of the present invention. In the example shown in Fig. 
6B, the six sub-band waveforms s1(t) to s6(t) are transmitted during alternating 
portions of the pulse period, substantially filling the period. In the example 
shown, each sub-band waveform fills a fraction of the pulse period, e.g., one 
sixth in Fig. 6B, depending on the number of sub-band waveforms transmitted. 

[040] Fig. 6C shows a frequency domain representation of a pulsed OFDM or 
OF/TDM waveform on the order of several GHz including a concatenation of 
multiple sub-bands, that may be implemented using gated clock circuits 
according to exemplary embodiments of the present invention. In the example 
shown, six sub-bands may be transmitted at center frequencies 500 MHz apart, 
where some or all have bandwidth 500 MHz. 

[041] In another example, depicted in Fig. 7, six SB-UWB waveforms may be 
generated using clock frequencies varying between 3.5 and 6 GHz, which may 
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be gated with a period of 2 nanoseconds (ns), resulting in bandwidths on the 
order of approximately 500 MHz. Fig. 7 shows these sub-band waveforms 
transmitted during non-overlapping periods. Such non-overlapping transmission 
may have the advantages of reducing the peak-to-average power ratio (PAR) of 

5 the signal and enabling alternate implementations, e.g., implementations where 
sub-bands may be generated sequentially, e.g., only one at a time. 
[042] In the embodiment shown in Fig. 7, sub-bands may be modulated by 
different data bits, resulting in a potentially very high throughput. Also, the 
coverage of sub-bands may be changed within the UWB frequency domain by 

10 changing the clock frequency used to generate the sub-band waveform. For 
example, if such a SB-UWB system is implemented in conjunction with an IEEE 
802.1 1a wireless local-area-network (WLAN) device that operates in the 
5.15-5.35 GHz frequency band, a sub-band overlaying the 5.15-5.35 GHz band 
may be adjusted to a higher frequency by changing the clock frequency. (See 

is Institute of Electrical and Electronics Engineers (IEEE) Standard 802.1 1a-1 999, 
'Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) 
Specification: High-speed Physical Layer in the 5 GHz Band"). Figs. 7 and 8A 
show an exemplary time domain representation of the transmitted waveforms, 
where the sub-band pulses are interleaved in time. 

20 [043] In these examples, the UWB sub-bands may be generated using digital 
clocks, as described previously, with the output filtered through, for example, a 
3.0-6.5 GHz Bessel bandpass filter (Fig. 7) and shaped using a Hanning window 
(Fig. 8A). Fig. 8A shows an example of the time-domain representation of a 
shaped sub-band waveform having a Hanning shape and using an embodiment 

25 of an OF/TDM system in accordance with embodiments of the present invention. 
Fig. 8B shows a frequency-domain representation of a shaped sub-band 
OF/TDM waveform in accordance with embodiments of the present invention. 
Those of ordinary skill in the art will recognize that there are various methods to 
generate the multiple clock frequencies, as may be used in this embodiment of 

30 the invention, including multiple analog PLLs, digital PLLs, or multiple phases of 
a single PLL, or any other suitable method. 
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[044] While the invention has been described with respect to a limited number 
of embodiments, it will be appreciated that many variations, modifications and 
other applications of the invention may be made. Embodiments of the present 
invention may include other apparatuses for performing the operations herein. 
5 Such apparatuses may integrate the elements discussed, or may comprise 
alternative components to carry out the same purpose. It will be appreciated by 
persons skilled in the art that the appended claims are intended to cover all such 
modifications and changes as fall within the true spirit of the invention. 
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CLAIMS 

What is claimed is: 

1 . A method comprising deriving a direct sequence ultrawide 
bandwidth signal from a digitally produced clock signal and data. 

2. The method of claim 1 , wherein deriving said ultrawide 
bandwidth signal comprises: 

modulating the clock signal with said data 

to obtain a modulated signal; and 
gating the modulated signal to obtain said 

ultrawide bandwidth signal. 

3. The method of claim 1 , wherein deriving said ultrawide 
bandwidth signal comprises: 

digitally producing said clock signal; 
modulating the clock signal with said data 
to obtain a modulated signal; and 

shaping the modulated signal to obtain 
said ultrawide bandwidth signal. 

4. The method as in claim 3, wherein shaping the modulated 
signal comprises filtering said modulated signal. 

5. The method as in claim 3, wherein shaping the modulated 
signal comprises windowing the clock signal with a function of said 
modulated signal. 

6. The method of claim 3, wherein modulating the clock signal 
with data comprises: 
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inverting said clock signal to obtain an inverted clock signal; 
and 

modulating said inverted clock signal with said data using 
an AND gate. 

7. The method of claim 3, wherein modulating the clock signal 
with data comprises: 

buffering said clock signal to obtain a buffered clock signal; 
and 

modulating said buffered clock signal with said data using a 
NAND gate. 

8. A method comprising: 
receiving data; 

producing a code based on said data using a digital clock; 
and 

transmitting said code as a direct sequence waveform. 

9. The method of claim 8, wherein producing said code 
comprises selecting said code using a word selector. 

10. The method of claim 9, wherein transmitting said code 
comprises: 

multiplexing said code to produce a single-bit stream; and 
transmitting said single-bit stream. 

1 1 . The method of claim 10, wherein receiving data comprises 
receiving said data at a shift register. 

15 



WO 2004/062128 



PCT/US2003/041434 



1 2. The method of claim 8, wherein transmitting said code 
comprises transmitting said code as a pulsed direct sequence 
waveform. 

13. The method of claim 8, wherein transmitting said code 
comprises transmitting said code as a sub-banded direct sequence 
waveform. 

14. A method comprising: 

receiving an ultrawide bandwidth signal; and 

extracting data from said ultrawide bandwidth signal using a 
digitally produced clock signal. 

1 5. The method of claim 14, wherein receiving said ultrawide 
bandwidth signal comprises receiving a direct sequence waveform 
signal. 

1 6. The method of claim 14, wherein receiving said ultrawide 
bandwidth signal comprises receiving a pulsed direct sequence 
signal. 

17. The method of claim 14, wherein receiving said ultrawide 
bandwidth signal comprises receiving a sub-banded direct 
sequence signal. 

1 8. A method comprising: 

receiving an incoming signal; 

multiplying said incoming signal with a 
template signal to produce an output 
signal; and 

time synchronizing said output signal. 
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1 9. The method of claim 1 8 further comprising: 

using a code generator to produce said 
template signal. 

20. The method of claim 1 9, wherein using said code generator 
comprises driving said code generator by a variable-delayed signal 
based on a clock signal. 

21 . An apparatus comprising: 

a digital clock to produce a digital clock 
signal; 

a modulator to modulate the clock signal 

with data to produce a modulated 

signal; and 
a shaping unit to shape the modulated 

signal. 

22. An apparatus as in claim 21 further comprising a bandpass 
filter to reduce higher-order harmonics in the modulated signal. 

23. A system comprising: 

a digital clock to produce a digital clock 
signal; 

a modulator to modulate the clock signal 
with data, thereby to produce a 
modulated signal; 

a shaping unit to shape the modulated 
signal; and 

a dipole antenna to transmit the 
modulated signal. 
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24. The system of claim 23 further comprising a bandpass filter 
to reduce higher-order harmonics in the modulated signal. 

25. The system of claim 24, wherein said bandpass filter is a 
Bessel bandpass filter. 
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